Evaluation of the molecular orbital projected density of states
We describe here the procedure to compute the Molecular Orbital Projected Density of States (MOPDOS) that we have recently implemented in the molecularpdos.x code within the Quantum ESPRESSO distribution [1] . As we used in the current framework, the aim is to single out the contributions to the density of states of an adsorbed system coming from the orbitals of the free molecule. In more general terms, one can analyze the electronic structure of a given system named "A" (here, the molecule/graphene interface) in terms of the energy levels of a part of it named "B" (here, the molecule).
This approach may also be used to analyze a complex molecule in terms of its subunits, or a different electronic configuration (say, A is the molecule with a core-level excitation while B is the same but in the ground state as we did to study excitations of pentacene [2] ).
If we indicate by |ψ
A nak the eigenvectors of system A and by A nak its eigenvalues (same for system B), where k is the k-vector in the Brillouin zone with weight ω k , the MOPDOS of system A, projected onto the n b -th orbital of system B and evaluated at the energy E reads:
The eigenstates are computed by separate pw.x calculations for A and B; for consistency, the same unit cell and k sampling should be used.
A shortcoming of the plane wave representation is that direct evaluation of the overlap integral | ψ 
where the coefficients P are the complex projections of the Kohn-Sham eigenstates onto the local basis, P A nak,ν = φ ν |ψ A nak and similarly for B. The above expressions are approximate since the local basis set does not span completely the original Hilbert space (see, e.g., the "spilling" [3] ) but this is often of no concern to a qualitative analysis. Within Quantum ESPRESSO, the coefficients P are computed by the projwfc.x code in a standard calculation of the DOS projected onto atomic orbitals and are stored in the file atomic_proj.xml. The execution of projwfc.x has to be performed for systems A and B separately.
The orbital overlaps in Eq. (1) are eventually computed from Eqs. (2) and (3) as:
Notice that the index ν in the summation should identify the same atomic state in the two systems for the local orbitals which are common for the two systems only. So, if system B is a subsystem of A, we have N In the above example we project all states of the full system onto the molecular HOMO and LUMO (orbitals 15 and 16), assuming that the graphene atoms are listed last in system A and that the H atom saturating the dangling bond (to be neglected) is given first in system B. Had we saturated the radical with a methyl group, 7 atomic orbitals should have been neglected from system B.
